New cDNA sequences for chalcone synthase (CHS), a key enzyme in the flavonoid biosynthesis, were obtained from the Japanese and common morning glories; they are more closely related to other CHS sequences than the six previously described CHS genes from the same plants. The newly isolated CHS-D gene is abundantly expressed in the pigmented flower buds, while its expression is drastically reduced in the white flower buds. Thus CHS-D appears to produce major CHS transcripts for flower pigmentation.
and pigmented seeds. We have established that the geneA-3 is the structural gene encoding dihydroflavonol 4-reductase (DFR), because the mutable a-3 ftecke ' ' allele for flower variegation is the DFR-B gene carrying the 6.4 kb transposable element Tpnl (Inagaki et al. 1994 , 1996 .
Genetic studies of the morning glory (Pharbitis purpurea or Ipomoea purpurea), often called the common morning glory, including its flower variegation have also been undertaken (Imai 1927 , Ennos and Clegg 1983 , Epperson and Clegg 1992 , Hisatomi et al. 1997 . Recently, Durbin et al. (1995) 
reported isolation of four CHS genes, CHS-A, CHS-B, CHS-C and CHS-PS
, from the common morning glory. These CHS genes are members of the Ipomoea CHS gene family, which is comprised of 13 CHS genes from 7 Ipomoea species, including the CHS-A and CHS-B genes of the Japanese morning glory. The Ipomoea CHS gene family is distantly related to other known CHS sequences in a phylogenic tree (Durbin et al. 1995) .
During studies to characterize the mutable a" akel ' allele for flower variegation in the morning glory , Hisatomi et al. 1997 , we have isolated a new CHS cDNA, called CHS-D [M] , from young buds of its pigmented flowers. In this paper, the symbol [M] is added to the genes derived from the common morning glory and [J] to those from the Japanese morning glory in order to avoid confusion. We also obtained another CHS-E [M] cDNA from the morning glory and two new CHS cDNAs, CHS-D [S] and CHS-E [J] , from pigmented flower buds of the Japanese morning glory. Our results indicate that the CHS-D gene produces major transcripts for flower pigmentation in both plants.
The lines of the Japanese morning glory used were KK/ZSK-2, bearing fully colored flowers (Inagaki et al. 1994) , and 78WWc-7, producing white flowers with red stem due to the c-1 mutation (Hagiwara 1956 , Abe et al. 1997 . The line KK/FR-35 of the common morning glory bears red flowers, and the lines KK/VR-37 and KK/VR-40 carrying the mutable a flaked allele produce white flowers with red variegations , Hisatomi et al. 1997 . In an attempt to identify the mutable a fiakal allele, we have employed differential display (DD) (Liang and Pardee 1995, McClelland et al. 1995) and AFLP-based mRNA fingerprinting (AMF) (Bachem et al. 1996 , Money et al. 1996 to screen differentially expressed cDNAs between the variegated flowers and the red flowers borne by germinal revertants derived from the mutable lines. Isolation of the germinal revertants, preparation of poly(A) + RNA from flower buds, optimization and refinements of the AMF and DD methods, and characterization of the fragments derived from the CHS-D[M] cDNA sequence will be published elsewhere. A cDNA library was constructed using the AZAP cDNA synthesis kit (Stratagene), and cDNA segments obtained were subjected to determine their sequences by the automated DNA sequencer 377 (Perkin Elmer/ABI).
For isolation of a new CHS-D[M]
cDNA from the common morning glory, approximately 60,000 recombinant clones in a cDNA library prepared from young flower buds of the line KK/FR-35 were screened with the cDNA fragments obtained by DD and AMF, as described by Sambrook et al. (1989) . About 0.3% of the recombinant clones screened were found to be positive, suggesting that the corresponding cDNA is abundantly present. Four of them were chosen to characterize further. As Fig. 1 shows, the longest clone contains a 1,518 bp sequence carrying an 1,164 bp ORF, and the deduced amino acid sequence is much more homologous to the CHS consensus sequence (Martin 1993) (Fig. 1) . Nonetheless, it is clear that both CHS-D and CHS-E are expressed in the flower buds of both the Japanese and the common morning glory and that CHS-D is more abundantly expressed than CHS-E. Moreover, our preliminary results indicate that CHS-D and CHS-E of the common morning glory are predominantly expressed in corolla and in flower tube, respectively (Hisatomi and Iida, unpublished) . Fig. 2 shows a phylogenic tree of the 90 cDNA sequences encoding CHS and related proteins found in the nucleotide sequence databases. The tree was constructed by the neighbor-joining method (Saitou and Nei 1987) , and it includes cDNA sequences for stilbene synthase (STS) (Martin 1993, Durbin et al. 1995) . Both CHS-D and CHS-E described here are distantly related to the Ipomoea CHS gene family characterized by Durbin et al. (1995) but are more closely related to other CHS genes in Solanales.
Genes for anthocyanin biosynthesis can be classified into two groups; structural genes encoding enzymes in the biosynthetic pathway and regulatory genes acting on the structural genes (Forkmann 1993, Martin and Gerats 1993) . Since the line 78WWc-7 produces flowers with white corollas and tubes, red stems, and pigmented seeds and since significant reduction of mRNAs for the structural genes CHI, F3H, DFR and ANS has been observed in the flowers of 78WWc-7 (Abe et al. 1997, Hoshino et al., unpublished) , it is likely that the C-l gene is a regulator gene controlling the expression of these structural genes in flower pigmentation. RNA gel blot analysis revealed that the CHS-D [J] gene is abundantly expressed in the pigmented flower buds of KK/ZSK-2 and that its mRNA accumulation is drastically reduced in the white flower buds of 78WWc-7 (Fig. 3) . Similar results were also obtained in the pigmented and the white flower buds of the common morning glory (Habu et al., unpublished) . Although the CHS-A [M] gene was reported to be expressed in the corolla of immature flower buds (Durbin et al. 1995) , our RNA gel blot analysis indicated that the genes corresponding to CHS-A [M] were scarcely expressed in the pigmented buds of the Japanese or the common morning glory (data not shown). Sambrook et al. (1989) . Lane 1, KK/ZSK-2 with fully colored flowers; Iane2, 78WWc-V with white flowers. The y-subunit cDNA of sweet potato mitochondrial F^o ATP synthase was used as an internal control (Morikami et al. 1993 ).
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We have identified four new CHS genes, CHS-D[J],
CHS-D[M], CHS-E[J] and CHS-E[M]
, from the Japanese and common morning glories during the course of characterization of the mutable a flaked allele of the common morning glory bearing flower variegation. The CHS-D genes in both plants are predominantly expressed in the pigmented buds and drastically reduced in the white buds. Although the expression patterns of these CHS genes in floral tissues remain to be investigated further, it is likely that the CHS-D gene produces major transcripts for flower pigmentation. The situation in these plants is comparable to that in Petunia, in which approximately 90% of the CHS mRNA is derived from CHS-A and the remaining 10% from CHS-J'm flowers, although there are twelve CHS genes (Koes et al. 1989) . Whether the CHS genes described here are associated with the flower variegation in the common morning glory is currently being studied in our laboratory.
